While investigating the polarization of brain tissue (1) adequate tissue models became desirable. Some experiments along this line have been published before (2) with the method used for measuring the polarization.
POLARIZATION STWDIES IN COLLODION MEMBRANES

I
It has been reported previously (2) that addition of lipoids to collodion causes polarizability in membranes, while membranes made under similar conditions from pure collodion are not polarizable. No explanation has been offered up to this time, but at least three possible interpretations have commanded consideration: specific effects of * In all the tables, K = specific conductivity, Indices 560 and 5000 == frequencies in cycles, A --K~000 -Kse0.100,
Ks~0
C --capacity in ~F.
lipoids, changes in the degree of dispersion, and displacement of the solvent. Therefore, the following experiments were undertaken. The specific action of lecithin for inducing polarizability can be interpreted as due to a formation of a continuous thin layer with high polarizability, as recently suggested by Bungenberg and Bonner (3) . In order to test this assumption, a wire of 0.012 inch diameter was used to punch holes consecutively into a polarizable lipoid-collodion membrane. If the polarizability is due to the intactness of the lecithin filrn~ an impairment of the film must destroy the polarizability. The results of such a series of experiments are summarized in Table I . The figures indicate that interruptions of the continuity of the membrane only partly destroy the polarization of a lecithin-collodion membrane. The decrease is marked after the first 3 holes. Nevertheless, the decrease does not run parallel to the number of holes. In fact, from the 5 to 7~h hole the polarizability remains nearly stable and 22 more holes are required to reduce it again by half. The total area of the holes amounts to about 16 sq. mm., while the surface of the membrane is about 452 sq. ram. In view of these results it does not seem probable that the entire polarization of the lipoid-collodion membrane depends upon the existence of a continuous lecithin film. This opinion gains additional support through the fact that a polarizable membrane of pure collodion shows almost a similar behavior when submitted to the same treatment.
In view of a former observation (2) and of the recent investigations of Fricke and Curtis (4), changes in the degree of dispersion of the membrane colloids had to be considered as possible causes of polariz-ability. No direct proof to the contrary can be given, but there are some facts that make this assumption improbable, at least, for the range of frequencies used.
It was shown before (2) that it was not possible to produce polarizability by adding phosphatides to gelatin membranes. Neither were attempts successful to induce polarizability in collodion membranes by introducing other colloids, e.g. proteins. Finally it could be shown that lecithin sol containing the same amount of lipoid as the polarizable lecithin-collodion membrane, when placed in the middle cell of a three cell apparatus between two parchment ~nembranes, did not show differences in conductivity when measured at different frequencies of the alternating current (Table VIA) .
Experiments were begun in order to determine whether the action of the lipoids in rendering collodion polarizable was due to their action on one of the solvents of the collodion. Alcohol and ether are contained in both Merck collodion and U.S.P. collodion. Since cephalin effects the polarizability of membranes quantitatively in the same way as lecithin and since it is insoluble in alcohol, its effect upon the ether was considered. The permeability of collodion membranes depends largely upon the ratio between ether and alcohol (5) and therefore, experiments were started in order to ascertain if additions of ethersoluble, non-volatile substances would act on the polarizability in the same way as lipoids (Table II) .
The results summarized in Table II show that substances of different chemical character, such as olive oil, mastix, and gum benzoin when added to collodion are able to induce polarizability. Camphor and cholesterin which separate from solution when the collodion membranes solidify do not have this effect, or only to a very small degree. These results seem to support the view that the influence of the addition of lipoids to collodion is upon the solvent.
Through the information gained by these experiments the preparation of membranes of low resistance and marked polarizability is greatly facilitated. Nevertheless, this introduction of other substances into the collodion complicates the understanding of the mechanism underlying polarizability.
Experiments were therefore started with the purpose of intercepting an intermediate between the wet and the dry stages in the preparation of collodion membranes. Wilbrandt (6) has given evidence that there is a steady transition from highly permeable wet to completely dried membranes. The dry collodion membranes which have been thoroughly investigated by MichaeUs (7) and Northrop (8) are not adapted to the kind of investigations intended. Although it was possible to duplicate the results found by Rein (9) with membranes made according to Michaelis by directly measuring the membrane potential, the conductivity method which is successful in tissue measurements failed. This failure is probably due to the high resistance of the membrane. Michaelis (10) using the data of Fricke (11) and McClendon (12) came to the conclusion that the membranes of red blood cells have little permeability. However, the aim of this investigation was only to find models comparable to brain tissue in polarizability. After several attempts the following method was used: 10 cc. of collodion were allowed to fill a glass dish of 39.8 sq. cm. After 60 minutes drying at room temperature the adherent membrane was detached from its glass support and pressed for varying intervals of time between sheets of filter paper under a pressure of 50 gm./sq, cm. The results are summarized in Table III . U.S.P. collodion and Merck collodion behaved in practically the same way. The results show that the membranes made as described above are of moderate resistance and high polarizability. Furthermore, the superiority of this method over that of complete drying is evident. These "medium" dry collodion membranes show towards electrolytes many of the particular features of dry collodion membranes and living tissue. Their polarizability is increased when in equilibrium with isophoretic salt solutions of bi-and trivalent cations or with HC1, but is decreased by isophoretic NaOH; collodion membranes containing the same amount of collodion but showing no polarizability are apparently uninfluenced by the higher valency of the ions or by the acidity of the solution (Table IV) .
II
As the resistances of the polarizable membranes were in every comparable instance higher than the resistances of non-polarizable membranes, it was natural to assume that they were less permeable for electrolytes than the non-polarizable membranes. Under this assumption polarizability has previously (1-2) been used as a measure of permeability. In order to ascertain this fact in a quantitative way, the following experiments were started. Two collodion membranes were made in exactly the same way, both containing the same amount of collodion, but different quantities of egg lecithin, namely the first 1 per cent and the second 4 per cent. The respective resistances were 48011 and 63511 when measured in 0.02 N KC1. Mter a similar exposure to CaCl~ A was 0 and 29.5 per cent respectively. Each of the membranes was then inserted into a three cell apparatus. On one side of the membrane there was 0.02 N KC1 and the compartment on the other side of the membrane was filled with distilled water. At frequent intervals the electric conductivity of samples of the water were measured. The results of this experiment are summarized in Table V, indicating that the perme-ability of the membrane showing polarization was approximately only one-fifteenth of that of the non-polarizable membrane.
Another clue as to a relationship between permeability and polarization can be found in the behavior of a single membrane (Table VI) , upon ageing.
III
For the studies of some physicochemical problems the collodion membranes described above proved to be adequate tissue models. But their shortcomings became manifest when the influence of biologically active substances was investigated. Therefore, the attempt was made to build up polarizable membranes in which the reactive parts consisted solely of substances occurring in animal and human tissues.
No such investigations have so far been successful Fricke and Curtis (4) could not find polarization in a solution of gelatin, and Abramson and Gray (13) were unable to detect changes in permeability in collodion membranes containing up to 50 per cent lecithin. Therefore, the problem was attacked from different angles, In the first series of investigations collodion was used as a supporting medium, and different proteins (serum, egg albumin) were introduced into it in the same way as in the membranes used in electrodialysis by Ettisch and Ewig (14) . By thoroughly shaking (2 hours on a shaking machine) a certain homogeneity was reached. The membranes were dried in such a way that pure collodion under similar treatment would not yield a polarizable membrane. No trace of polarizability could be detected in these protein-collodion membranes even when treated with CaCI~, HC1, or NaOH or electrodialyzed.
In the second series of investigations gelatin was used for preparing membranes or as a medium for blood proteins, genuine or heat-denatured. It has been mentioned previously that 20 per cent gelatin membranes treated according to Collander (15) with 10 per cent formaldehyde and containing up to 2 per cent lipoids were not polarizable. These results could not be modified by using a thicker gelatin membrane, a membrane containing less water, or one hardened ultimately in 36 per cent formaldehyde. Formaldehyde was added to the fluid used in the conductivity measurements. Furthermore, a membrane consisting of a homogeneous layer formed by a concentrated solution of sodium caseinate on filter paper, did not show any polarizability even when treated with HC1 or formaldehyde (Table VIA) .
On account of these numerous failures, a fundamental change in the method of preparing the membranes was advisable.
It is well known that certain colloids are adsorbed on surfaces, this process being sometimes followed by reversible or irreversible denaturation as in the case of proteins (16) . Experiments were instituted in which protein (egg albumin) was adsorbed on the sintered glass plate of a Jena glass crucible. Sintered glass crucibles No. 3 and No. 4 were used in which the sizes of the pores were, according to the manufacturers, respectively 20-30/z and 5-10 #.
In preliminary experiments it was shown that the insertion of a sintered glass plate into the pathway of an alternating current did not lead to polarization after the whole system had been filled with 0.1 ~¢ KC1.
With suction a 1 per cent solution of egg albumin was filtered through the glass plate. The filtration rate decreased very soon. In one experiment the interval between two drops was 720/5 seconds after 30 minutes, 1310/5 seconds after 1 hour and 20 minutes, practically nothing for the protein solution as well as for distilled water after 2 more hours.
In order to measure the polarizability of such a prepared filter plate, the following apparatus was devised. A wire gauze platinum electrode (diameter = 20 ram.) was introduced into a funnel in such a way that the electrode plate was tightly fixed in a position parallel to the glass plate of the crucible. The funnel was then filled to the brim with 0.1 KC1. The crucible was inserted tightly into the funnel with the help of a rubber band. In order to exclude air bubbles, the bottom of the crucible had been filled previously with a 10 per cent gelatin solution containing 0.1 N KC1. The crucible itself was filled with 0.1 KC1, and an electrode similar to the one described was immersed in the crucible. A clamp held the electrode fixed so that its plate remained parallel to the first electrode and to the glass plate. The distance between the plates was 30 ram. The conductivity of such a system was about 1.45.10 -3 reciprocal ohm, No trace of polarization could be detected with the usual conductivity measurements.
These experiments were repeated with different proteins, serum albumin, and casein, and with samples of these proteins acidified to increase the adsorption or treated with absolute alcohol or heat coagulated. Still no polarization of the filter plate was obtained.
Furthermore, it was not possible to render the sintered glass plate polarizable by treatment with colloid aqueous lecithin solutions or with alcoholic lecithin solutions, even if it was allowed to remain in the crucible for 12 hours. Even under the coagulating influence of HC1, CaEI~ or La(NOs)a, it was impossible to cause a noteworthy choking of the glass plate (Table VI B) .
Finally experiments were begun in which biological conditions were imitated by using membranes containing both proteins and lipoids. Sintered glass plates prepared with egg albumin in the manner already described were treated with alcoholic egg lecithin solutions. The crucibles were filled with 0.1 ~ KC1 and allowed to stand for 12 hours. After this time, measurements of the conductivity disciosed a decided increase in resistance and capadtance and a definite polarization of the plate, corresponding to a A of 5.8 per cent.
The difference in pore size of the original sintered gla:ss plate seemed to be of no importance.
Confirmation of these results was sought by a different method. According to Loeb (17) , every impediment to the movement of an ion calls forth a potential difference. To test in this respect the action of the original glass plate and one containing adsorbed protein and lipoid, measurements of potential across those plates were made. Since direct current was to be used, non-polarizable silver-silver chloride electrodes prepared according to Langelaan (18) replaced the platinum electrodes, and the crucible containing one of the electrodes was fixed with a damp and dipped into a glass vessel which contained the other electrode. The crucible and the glass vessel were filled with 0.1 N KC1. The air bubble under the crucible was removed by aspiration. A compensation box and a string galvanometer as zeropoint instrument were used in measuring the potential necessary to With crucibles prepared in the aforesaid way, some experiments of basic interest for biological problems were made.
The KC1 was replaced by other solutions of the same normality.
The A was measured after equilibrium had been reached. The results are summarized in Table VIII . According to these figures, the polarization is much increased if potassium is replaced by magnesium. The narcotic effects of magnesium salts are as wall known as their precipitating effect upon lecithin sol which is used for analytical purposes. Narcotics generally call forth a decrease in permeability of cell surfaces (19) . From valency alone the effect of an ion on the polarization of these plates cannot be predicted, lanthanum proving more effective than aluminum. A similar observation has already been made in in vitro experiments on brain tissue. Hydrochloric acid affected the polarizability only slightly more than potassium chloride, while sodium hydroxide decidedly caused a drop in polarization. Analogous observations have been made on animal brain tissue in vitro (1) . Furthermore, the specific effects of bromides were studied. The effectiveness of bromides in restoring the polarizability of swollen brains in in vitro experiments has been ascertained before (1) . In another paper (20) a direct action of the bromide on the lecithin molecule was demonstrated. In a series of experiments it was shown that the polarizability of a protein-lipoid-glass plate in equilibrium with potassium chloride was further increased when potassium chloride was replaced by an equinormal solution of potassium bromide. Finally the influence of a lipoid-soluble agent on polarizability was determined. If ethyl alcohol was replaced by amyl alcohol as a solvent for lecithin, protein-glass filter plates prepared with the amylic solution showed a higher A than the ones prepared with the ethylic solution. The narcotic effect of amyl alcohol is twelve times greater than that of ethyl alcohol. In recent experiments (21) it was shown that the salt-binding capacity of lecithin was reduced by ethyl alcohol and practically abolished by amyl alcohol.
In most of these experiments the reaction of the composite membrane appears to be determined by the reactions of the lipoid component. The r61e of proteins seems to be of a more mechanical nature; e.g., that of decreasing the size of the pores in the sintered glass plates. This view is supported by experiments showing that proteins can be replaced by soluble starch. The molecular weight of starch is 100,000 according to Samec (22) . Starch alone does not cause polarization of the sintered glass plate.
It has not been possible so far to accomplish these results, if the lipoids were replaced by soluble starch or salts of fatty acids (Table IX) . This failure is interesting in view of the many theories stressing the importance of lipoids in biological membranes. SUMMARY 1. Collodion membranes of high polarizability and low resistance can be obtained either by addition of certain ether-soluble substances such as phosphatides, olive oil, mastix, and gum benzoin, to the collodion or by drying collodion membranes for a limited time under pressure.
2. The permeability of membranes of different polarization has been measured by means of conductivity methods.
3. Sintered glass filter plates of Jena glass crucibles on which proteins and lipoids have been adsorbed show polarization. It could be shown that some narcotics which react with lecithin cause an increase in polarization of the protein-lipoid-glass system. Substitutions of the protein but not of the lipoid were possible, without causing a decrease in the polarizability of the membranes.
